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I. INTRODUCTION cause of progressive spinal curvature.” Several theories try 
to explain idiopathic scoliosis through genetic factors or 


We can define scoliosis as a three-dimensional deformity 
even hormonal imbalance, such as changes in melatonin 


of the spine, including a curvature in the frontal plane 


4 ae : : 
greater than 10° (ten degrees). This curvature is assessed levels.” IS does not usually maintain its progression during 


by measuring the Cobb’s angle. !2 adulthood, but it may need surgical correction in order to 


Cobb's angle was first described by John R. Cobb. It is 
obtained on panoramic radiographs of the spine and 


avoid the appearance of cardiopulmonary dysfunctions or 
pelvic obliquity with consequent difficulty in maintaining 
posture. Congenital scoliosis, on the other hand, is the 
most frequent form of congenital spinal deformity, 
overcoming congenital kyphosis or lordosis. It is due to 
some aggression to the fetus during the embryological 
development of the spine and is often associated with other 
malformations, be they cardiac, urinary or gastrointestinal 
tract.® 


calculated by the angle of intersection between the upper 
plateau of the upper vertebra and the lower plateau of the 
lower vertebra of the scoliotic curve (figure 1).* Scoliosis 
can be divided into idiopathic (IS), congenital and 
neuromuscular scoliosis (NMS). Idiopathic scoliosis is 
subdivided into infantile, juvenile and adolescent forms. IS 
develops without the presence of a detectable disease as a 
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Angle 
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Fig.l: Cobb’s angle for scoliosis evaluation. 


On the other hand, neuromuscular scoliosis is a scoliotic 
deformity secondary to muscle imbalance caused by 
neuropathic or myopathic diseases.” NMS generally has an 
earlier onset and faster progression when compared to 
idiopathic scoliosis. It also has higher hospitalization costs, 
operative complications and number of surgeries for 
correction.’ Another difference between idiopathic and 
neuromuscular scoliosis is the pattern of the scoliosis 
curve. In IS there is a convex scoliosis curve generally to 
the right, sometimes with the presence of a double curve 
whereas in NMS scoliosis is type C with a large single 
curvature affecting the thoracic and lumbar spine. 1%! 


The article aims to recognize and discuss the neurological 
disorders most often associated with NMS. The 
neurologist is sometimes the first to assess these patients 
and one of those responsible for their long-term care. Early 
diagnosis by the neurologist can positively impact the 
prognosis of individuals with NMS. 


I. METHODS AND RESULTS 


We performed a non-systematic review of articles through 
the Google Scholar platform from January 1992 to October 
2020. We prefer articles in Portuguese or in English whose 
title had the descriptor "neuromuscular scoliosis" or 
"escolisoe neuromuscular" in the journal title. We obtained 
a total of 524 articles from this search. We include 
experimental, review articles, case reports or expert 
opinions. Some papers were chosen from the references 
obtained from the articles of the initial search. Others were 
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chosen because they address the neurological diseases 
most often responsible for NMS. We used a total of 49 
articles for this manuscript, 46 in English and 3 in 
Portuguese language. 


Il. DISCUSSION 


Definition and Epidemiology of Neuromuscular 
Scoliosis 


Neuromuscular scoliosis can be defined as a non- 
congenital spine deformity occurring in individuals with a 
diagnosis of pre-existing neuromuscular disease.'* While 
in neurology the term neuromuscular generally describes 
only pathologies associated with diseases of the peripheral 
nervous system with impairment of the muscle or motor 
neuron, orthopedists use the term for any neurological 
disease, including cerebral palsy. We can detect the 
presence of scoliosis in individuals with neurological 
disease by performing the Adams test or the anterior tilt 
test. The individual bends forward with arms forward, 
palms facing each other and with feet together. The 
presence of asymmetries in the tangential visualization of 
the paravertebral musculature indicates a positive test and 
the need for radiographic testing to analyze the Cobb’s 
angle. 1314 


NMS can occur in up to 90% of children with 
neuromuscular disease and progress after adulthood 
regardless of the maturity of the skeletal system, being 
generally refractory to conservative treatments.!> The first 
cases of NMS with surgical correction were described in 
individuals with poliomyelitis.‘ Currently among the 
neurological conditions most often triggering NMS are 
cerebral palsy, Duchenne Muscular Dystrophy, Spinal 
Muscular Atrophy and Friedreich's ataxia. !? 


Neurological Diseases Most Associated with 


Neuromuscular Scoliosis 
A) Cerebral palsy 


Cerebral palsy (CP) can be defined as the presence of 
motor dysfunction during birth due to an identifiable brain 
injury during pregnancy. It affects seven out of every 1000 
live births in developing countries.'’ It can be subdivided 
into spastic, choreoatetoid, non-toxic or mixed types. CP is 
one of the main causes of neuromuscular scoliosis, 
especially in its quadriplegic spastic form, followed by 
diplegic and hemiplegic forms.'*!° The incidence of NMS 
in individuals with CP depends on the definition used for 
scoliosis, but rates between 25 and 69%.!°° Diseases with 
hypertonia of the trunk muscles such as CP are more often 
associated with the presence of NMS when compared to 
muscle diseases that cause hypotonia of the paraspinal 
muscles.”! The risk of developing neuromuscular scoliosis 
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in individuals with CP increases with age or degree of 
motor disability due to the classification of gross motor 
function, being higher in grades IV and V (table 1). 


Table 1 - Gross Motor Function Classification System 


with type II SMA have pulmonary restriction due to 
predominant deformity in the thoracic region, causing the 
parasol/ umbrella chest phenotype.*° In SMA Type III only 
occurs NMS later, after loss of ambulation.*! 





Walks without restrictions, with limitations for more compl Srna taree Sataxia 


It is the most common form of progressive spinocerebellar 





xia, caused by repetition of GAA 





guanine, adenine, adenine) within the 











im gene causes iron accumulation in the 





VEL 1 

activities (running, jumping) 
IVEL 2 Walks without assistance, but with limitations in com AN Gato ty corresponds to a recessive genetically 
VEL 3 Walks with support, with limitations in the community walkotides 
VEL 4 Mobility is limited, requires a wheelchair in the comfrataitin gene on chromosome 9q13.**** The mutation in 
VEL 5 Severely limited mobility even with the use of assistive 


echnofo 
mitochondria, with cell death.*? Clinically, it presents as a 





ADAPTED FROM Dev Med Child Neurol. 1997 Apr; 39 
(4): 214-23 


B) Duchenne Muscular Dystrophy 


Duchenne muscular dystrophy (DMD) affects two to three 
boys in 10,000. It is a recessive disease characterized by 
the presence of a mutation in the dystrophin gene at 
position 21 of the short arm of the X chromosome. 
Dystrophin is a protein responsible for maintaining 
calcium homeostasis.” Individuals with Duchenne often 
have progressive scoliosis in the first decade of life. NMS 
is found in up to 90% of patients with DMD.” The 
lordotic posture in patients with Duchenne and the ability 
to walk can delay the development of scoliosis and 
corticosteroid therapy can decrease scoliosis rates with the 
need for surgical correction from 90 to 15% of cases.!° 
Deflazacort, an oxazolone derivative of prednisone, had 
slowed the progression of scoliosis with lower rates of 
long-term use compared to other corticosteroids.” There 
are defending authors of early corrective scoliosis surgery 
in mild cases to preserve respiratory function, while others 
perform surgery only in severe cases because not all cases 
of DMD evolve to severe scoliosis. Furthermore, surgery 
sometimes does not increase survival despite the positive 
impact on daily activities. 


C) Spinal Muscular Atrophy 


Spinal muscular atrophy (SMA) represents a recessive 
autonomic genetic disease with muscle atrophy due to 
degeneration of the motor neurons in the anterior spinal 
cord and presents in eight out of every 100 thousand live 
births.”8 This degeneration occurs due to deficiency of the 
neuronal survival protein due to mutations in the SMN 1 
gene. There are three types of SMA in childhood (I-III) 
based on the age of onset and motor development 
milestones.? NMS occurs mainly in type II spinal 
muscular atrophy, with rapid progression associated with 
pulmonary restriction.! Scoliosis rates in AMS are around 
80% of cases.'° Unlike individuals with DMD where 
ventilatory restriction affects the diaphragm, individuals 
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progressive cerebellar ataxia beginning at around 25 years 
of age, associated with peripheral neuropathy and 
pyramidal symptoms. Other changes can also be found, 
such as pes cavus, optic atrophy, diabetes and 
cardiomyopathy.*> NMS occur in about 60% of patients 
with Friedreich and in 30% of cases scoliosis is not 
progressive. The younger the age of onset of symptoms, 
the more frequent is the presence of scoliosis and this does 
not depend on gait changes. 


E) Myelomeningocele 


It is the main type of spinal dysraphism and can cause 
NMS both by injury to the first motor neuron and by injury 
to the second neuron at the anterior tip of the spinal cord. 
The cord and nerves protrude through the closed LAMINA 
in an incomplete way.'! The prevalence of scoliosis in 
patients with myelomeningocele is 53%, with a slight 
predominance in females. * Complication rates in 
myelomeningocele surgeries may be more frequent when 
compared to other causes of neuromuscular scoliosis, 
highlighting high rates of urinary tract infection.® 


F) Charcot-Marie-Tooth disease 


Also known as hereditary sensory-motor neuropathy, 
Charcot Marie-Tooth Disease (CMT) is the main 
hereditary peripheral neuropathy. It can be divided into 
dominant, recessive and X-linked forms.*°Although it most 
commonly affects the limbs, especially the lower ones, it is 
capable of causing NMS in up to a third of cases. CMT is 
best known for being the leading cause of pes cavus of 
neurological origin in the general population.*°°” 


G) Other conditions 


Poliomyelitis, although it is the first disease where the 
issue of scoliosis in neuromuscular diseases has been 
raised, is currently a condition rarely found due to 
vaccination.’ Guillain-Barré syndrome has rare reports of 
scoliosis as a sequel.*? Congenital myopathies, although 
rare and non-progressive, can also cause scoliosis over the 
years.” 
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Preoperative Evaluation in Neuromuscular Scoliosis 


The main indication for scoliosis surgery is the presence of 
curvature of the trunk or pelvic obliquity with inability to 
maintain posture and sitting position.!*?Cobb’s angle 
greater than 40% may also indicate scoliosis with necessity 
of surgical correction.!* Pelvic obliquity is defined as the 
failure of the pelvis to remain perfectly horizontal in the 
frontal plane. The risks of pelvic obliquity are greater in 
patients with NMS of spastic origin such as CP when 
compared to the flaccid forms found in DMD and AMS." 
Despite the risks of extensive surgery in debilitated 
individuals, patients undergoing scoliosis correction 
surgery have improved quality of life, lower pain rates and 
higher levels of family satisfaction after the 
procedure. !8:7441 


Unlike cases of IS, individuals with NMS may present 
cardiac involvement due to their neurological 
condition. !** Patients with DMD have heart disease in 10 
to 20% of cases. Undiagnosed cardiomyopathy in DMD 
associated with blood loss during scoliosis correction 
surgery can lead to perioperative cardiac arrest. DMD 
cardiopathy sometimes does not correlate with 
echocardiographic dysfunction, and a cardiac study by 
magnetic resonance is suggested.'4 Individuals with 
Friedreich's Ataxia present with hypertrophic 
cardiomyopathy with left ventricular dysfunction and this 
can progress to dilated heart disease, contraindicating 
scoliosis surgery.” 


Considering patients with CP, it is important in the 
perioperative period to evaluate the adjustment of 
medications against spasticity. Drugs such as baclofen can 
induce seizures during both their introduction and 
withdrawal.“ In addition, there is controversy as to 
whether individuals with CP can present scoliosis 
progression with the use of baclofen through an intrathecal 
pump.” 


Postoperative Neuromuscular 


Scoliosis 


Complications in 


Complication rates in neuromuscular scoliosis surgeries 
are estimated to range from 18 to 75% in the postoperative 
period. These complications are classified in different 
ways. One of these classifications divides complications 
into intraoperative and early and late postoperative. !! 


Respiratory disorders are the most frequent postoperative 
complications in most studies and most observed in 
individuals with forced vital capacity below 50% in the 
preoperative period. In these cases, noninvasive ventilation 
before surgery can decrease postoperative risks, especially 
when vital capacity is below 40% of predicted values.“ 


Gastrointestinal disorders are attributed to paralytic ileus 
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by medications such as opioids or during anesthetic 
procedures, presence of gastroesophageal reflux or in 
patients with poor nutritional conditions, with high risk of 
superior mesenteric artery compression syndrome.* In 
debilitated patients below the fifth weight percentile, 
nutritional support is recommended weeks to months 
before surgery.” 


Infections after the surgical procedure are associated with 
high or low body mass index, lymphocyte count below 
1500 mm? or serum albumin levels below 3.5 g/dl.“ 
Among the agents most involved in the infection of 
surgical wounds are S. Aureus, P. aeruginosa and E.coli.*® 
It is important not to confuse fever of infectious origin 
with fever due to the release of inflammatory cytokines 
such as IL-6 and TNF-a from the extensive surgical 
procedure to correct scoliosis. This febrile condition 
occurs on average up to seven days after the procedure in 
up to 20% of cases. !5 


NMS surgeries show greater volumes of bleeding when 
compared to individuals with IS and different etiologies of 
NMS may show different volumes of blood loss. For 
example, individuals with DMD have higher rates of 
bleeding compared to individuals with AMS.“ This is 
explained to the absence of dystrophin in the smooth 
muscle cells of the vessels and the consequent contractile 
inability to stop the bleeding. 7° Individuals with CP and 
associated epilepsy, on the other hand, may have a greater 
volume of bleeding due to platelet dysfunction or 
coagulation factors deficiency from the use of 
anticonvulsants.” Hypotension during surgery can reduce 
blood loss, however it can increase the risk of neurological 
injury. An alternative to a drop in hematocrit may be to 
transfuse autologous blood taken before the procedure and 
avoid increased abdominal pressure over the vena cava for 
long periods in the decubitus position.*® It is possible to 
reduce the risk of complications by performing scoliosis 
correction surgery in more than one procedure in different 
days, however at the expense of longer hospitalization. 
Finally, tranexamic acid, a substance that inhibits 
fibrinolysis, can be used during scoliosis surgery to 
decrease bleeding rates.“ 


Intraoperative Monitoring in Neuromuscular Scoliosis 
Surgery 


Neurophysiological monitoring is useful during surgeries 
to correct idiopathic scoliosis and, despite its high cost, 
can be compensated by a reduction in neurological 
sequelae and length of hospital stay. It mainly uses the 
somatosensory evoked potential (PESS) by measuring the 
fall in its amplitude or velocity of conduction.” In NMS 
can be difficult to assess the PESS as dysfunction often 
affects the underlying nerve conduction as in Friedreich's 
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ataxia.” However, some pathologies associated with NMS 
may present a low risk of injury during scoliosis surgeries 
regardless of the use of intraoperative monitoring as in 
cases of CMT.*’Another possibility of operative 
monitoring in patients with NMS is through motor evoked 
potential by transcranial electrical stimulation. However, 
there are risks of inducing seizures in susceptible 
individuals, such as patients with CP.“ The combined use 
of PESS and transcranial electrical stimulation can 
increase the reliability of intraoperative neurophysiological 
monitoring.“ The Stagnara test or awakening test can be 
difficult to perform in individuals with neuromuscular 
scoliosis and intellectual dysfunction in the absence of 
intraoperative monitoring. The test consists of reducing 
sedation and mobilizing the lower limbs during surgery. 
Failure to mobilize may indicate neurological injury 
requiring suspension of the procedure.” Finally, although 
more frequent compared to IS surgery, the incidence of 
neurological injuries during NMS surgery is lower than 
other operative complications .° 


IV. CONCLUSION 


Neuromuscular scoliosis is a clinical condition resulting 
from several common pathologies in neurological clinical 
practice. These illnesses can cause scoliosis through 
different pathophysiological mechanisms. NMS presents 
faster progression, frequent requirement of surgical 
correction and high rates of complications in the 
perioperative period when compared to idiopathic 
scoliosis. Under the perspective of multidisciplinary health 
care, scoliosis surgery is performed by the orthopedic 
surgeon. However, the neurologist usually participates in 
the assessment regarding the etiological diagnosis of NMS 
or in the follow-up of these individuals regardless of the 
indication for surgical correction. 


REFERENCES 
[1] Alam AM, Schwabe AL. Neuromuscular Scoliosis. 
PM&R. 2013; 5 (11): 957-63. 


https://doi.org/10.1016/j.pmrj.2013.05.015 

[2] Altaf F, Gibson A, Dannawi Z, Noordeen H. Adolescent 
idiopathic scoliosis. BMJ. 2013; 346: 1-7. 
https://doi.org/10.1136/bmj.f2508 

[3] Horng MH, Kuok CP, Fu MJ, Lin CJ, Sun YN. Cobb Angle 
Measurement of Spine from X-Ray Images Using 
Convolutional Neural Network. Comput Math Methods 
Med. 2019; 2019: 1-18. 
https://doi.org/10.1155/2019/6357171 

[4] Kikanloo SR, Tarpada SP, Cho W. Etiology of Adolescent 
Idiopathic Scoliosis: A Literature Review. Asian Spine J. 
2019; 13 (3): 519-26. 
https://doi.org/10.3 1616/asj.2018.0096 


www.ijaers.com 


International Journal of Advanced Engineering Research and Science, 8(5)-2021 


[5] Barsdorf AI, Sproule DM, Kaufmann P. Scoliosis surgery 
in children with neuromuscular disease: Findings from the 
US National Inpatient Sample, 1997 to 2003. Arch Neurol. 
2010; 67 (2): 231-35. 
https://doi.org/10.1001/archneurol.2009.296 

[6] Arlet V, Odent Th, Aebi M. Congenital scoliosis. Eur Spine 
J. 2003; 12 (5): 456-63. https://doi.org/10.1007/s00586- 
003-0555-6 

[7] Diefenbach C, Ialenti MN, Lonner BS, Kamerlink JR, 
Verma K, Errico TJ. Hospital cost analysis of 
neuromuscular scoliosis surgery. Bull NYU Hosp Jt Dis. 
2013; 71 (4): 272-77. 

[8] Sharma S, Wu C, Andersen T, Wang Y, Hansen ES, 
Biinger CE. Prevalence of complications inneuromuscular 
scoliosis surgery: A literature meta-analysis from the past 
15 years. Eur Spine J. 2013; 22 (6): 1230—49. 
https://doi.org/10.1007/s00586-012-2542-2 

[9] Halawi MJ, Lark RK, Fitch RD. Neuromuscular Scoliosis: 
Current Concepts. Orthopedics. Current Reviews in 
Musculoskelesuch Medicine; 2015; 38 (6): e452 — e456. 
https://doi.org/10.3928/01477447-20150603-50 

[10] 10.Berven S, Bradford DS. Neuromuscular Scoliosis: 
Causes of Deformity and Principles for Evaluation and 
Management. Semin Neurol. 2002; 22 (2): 167-78. 
https://doi.org/10.1055/s-2002-36540 

[11] 11.Turturro F, Montanaro A, Calderaro C, Labianca L, Di 
Sanzo V, Ferretti A. Rate of complications due to 
neuromuscular scoliosis spine surgery in a 30-years 
consecutive series. Eur Spine J. 2017; 26: 539-45. 

[12] 12.Murphy RF, Mooney JF. Current concepts in 
neuromuscular scoliosis. Curr Rev Musculoskelet Med. 
2019; 12 (2): 220-27. https://doi.org/10.1007/s12178-019- 
09552-8 

[13] 13. Cardoso LR, Gongalves C, Bonvicine C, Barboza MAI. 
Análise clinica e radiografica pré e pds-tratamento 
conservador na escoliose idiopática do adolescente: estudo 
de caso. ConScientiae Saúde. 2011;10(1):166-74. 
https://doi.org/10.5585/conssaude.v10i1.2416 

[14] 14.Saleh BB, Ma EG. Screening Program for Idiopathic 
Scoliosis by Adam's Bending Forward Test of Prepubertal 
Children at Primary Schools in Baghdad City. Iraqi Natl J 
Nurs Spec. 2014; 27 (1): 93-8. 

[15] 15.Yousef MAA, Rosenfeld S. Evaluation of postoperative 
fever after surgical correction of neuromuscular scoliosis: 
implication on management. Eur Spine J. Springer Berlin 
Heidelberg; 2018; 27 (8): 1690-97. 
https://doi.org/10.1007/s00586-017-5456-1 

[16] 16.Hsu JD, Quinlivan R. Scoliosis in Duchenne muscular 
dystrophy (DMD). Neuromuscul Disord. Elsevier BV; 
2013; 23 (8): 611-17. 
https://doi.org/10.1016/j.nmd.2013.05.003 

[17] 17.Zanini G, Cemin NF, Peralles SN. PARALISIA 
CEREBRAL: causas e prevaléncias. Fisioter Em Mov. 
2009;22(3):375-81. 

[18] 18.Koop SE. Scoliosis in cerebral palsy. Dev Med Child 
Neurol. 2009; 51: 92-8. https://doi.org/10.1111/j.1469- 
8749.2009.03461.x 


Page | 238 


Celmir de Oliveira Vilaça et al. 


[19] 19. Yoshida K, Kajiura I, Suzuki T, Kawabata H. Natural 
history of scoliosis in cerebral palsy and risk factors for 
progression of scoliosis. J Orthop Sci. Elsevier Ltd; 2018; 
23 (4): 649-52. https://doi.org/10.1016/j.jos.2018.03.009 

[20] 20.Hagglund G, Pettersson K, Czuba T, Persson-Bunke M, 
Rodby-Bousquet E. Incidence of scoliosis in cerebral palsy. 
Acta Orthop. 2018; 89 (4): 443-7. 
https://doi.org/10.1080/17453674.2018.1450091 

[21] 21. Usta FS, Çaçan MA, Uçar BY. A Pediatric Case of 
Neuromuscular Scoliosis Caused by Nemaline Myopathy. 
EC Orthop. 2019; 110—4. 

[22] 22.Brooks JT, Sponseller PD. Whats New in the 
Management of Neuromuscular Scoliosis. J Pediatr Orthop. 
2016; 36 (6): 627-33. 
https://doi.org/10.1097/BPO.0000000000000497 

[23] 23.Palisano R, Rosenbaum P, Walter S, Russell D, Wood 
E, Galuppi B. Development and reliability of a system to 
classify gross motor function in children with cerebral 
palsy. Dev Med Child Neurol. 1997; 39 (4): 214-23. 
https://doi.org/10.1111/j.1469-8749.1997.tb07414.x 

[24] 24.Miyanji F, Nasto LA, Sponseller PD, Shah SA, Samdani 
AF, Lonner B, et al. Assessing the risk-benefit ratio of 
scoliosis surgery in cerebral palsy: Surgery is worth it. J 
Bone Jt Surg - Am Vol. 2018; 100 (7): 556-63. 
https://doi.org/10.2106/JBJS.17.00621 

[25] 25. Karol LA. Scoliosis in patients with Duchenne 
muscular dystrophy. J Bone Joint Surg Am. 2007; 89 Suppl 
1: 155-62. https://doi.org/10.2106/JBJS.F.00506 

[26] 26. Kinali M, Messina S, Mercuri E, Lehovsky J, Edge G, 
Manzur AY, et al. Management of scoliosis in Duchenne 
muscular dystrophy: a large 10-year retrospective study. 
Dev Med Child Neurol. 2006; 48 (6): 513-18. 
https://doi.org/10.1017/S0012162206001083 

[27] 27.Lebel DE, Corston JA, McAdam LC, Biggar WD, 
Alman BA. Glucocorticoid treatment for the prevention of 
scoliosis in children with Duchenne muscular dystrophy: 
Long-term follow-up. J Bone Jt Surg - Ser A. 2013; 95 
(12): 1057—61. https://doi.org/10.2106/JBJS.L.01577 

[28] 28. LEM da, Pudles E, Lampert HB. Evaluation of the 
results of surgical treatment of scoliosis in type 2 spinal 
muscular atrophy. Spine / Columna. Brazilian Spine 
Society; 2011; 10 (3): 211-15. 
https://doi.org/10.1590/S 1808-185 12011000300009 

[29] 29. Wijngaarde CA, Brink RC, by Kort FAS, Stam M, Otto 
LAM, Asselman FL, et al. Natural course of scoliosis and 
lifetime risk of scoliosis surgery in spinal muscular 
atrophy. Neurology. 2019; 93 (2): e149 — e158. 

[30] 30.Livingston K, Zurakowski D, Snyder B, Growing Spine 
Study Group t, Children's Spine Study Group {. Parasol 
Rib Deformity in Hypotonic Neuromuscular Scoliosis. 
Spine. 2015; 40 (13): E780-E786. 
https://doi.org/10.1097/BRS.00000000000009 11 

[31] 31. Mayer OH. Scoliosis and the Impact in Neuromuscular 
Disease. Paediatric Respiratory Reviews. 2015; 16 (1): 35- 
42. https://doi.org/10.1016/j.prrv.2014.10.013 

[32] 32. Milbrandt TA, Kunes JR, Karol LA. Friedreich's ataxia 
and scoliosis: The experience at two institutions. J Pediatr 


www.ijaers.com 


International Journal of Advanced Engineering Research and Science, 8(5)-2021 


Orthop. 2008; 28 (2): 234-8. 
https://doi.org/10.1097/BPO.0b013e318164fa79 

[33] 33.Tsirikos AI, Smith G. Scoliosis in patients with 
Friedreich's ataxia. J Bone Joint Surg Br. 2012; 94-B (5): 
684-9. https://doi.org/10.1302/0301-620X.94B5.28391 

[34] 34.Leighton J, Howard J, El-Hawary R. Posterior Spinal 
Fusion for Friedreich Ataxia-Related Scoliosis in Twin 
Girls. JBJS Case Connect. 2013; 3 (2): 1-6. 
https://doi.org/10.2106/jbjs.cc.1.00056 

[35] 35.Mummareddy N, Dewan MC, Mercier MR, Naftel RP, 
Wellons JC, Bonfield CM. Scoliosis in myelomeningocele: 
epidemiology, management, and functional outcome. J 
Neurosurg Pediatr. American Association of Neurological 
Surgeons; 2017; 20 (1): 99-108. 
https://doi.org/10.3171/2017.2.PEDS 16641 

[36] 36.Vilaga C de O, Nascimento OJM do, Freitas MRG de, 
Orsini M. Pé cavo: Revisão da literatura. Rev Bras Neurol. 
2016; 52 (3):5-11. 

[37] 37. Karol LA, Elerson E. Scoliosis in patients with 
Charcot-Marie-tooth disease. J Bone Jt Surg - Ser A. 2007; 
89 (7): 1504-10. https://doi.org/10.2106/JBJS.F.01161 

[38] 38. Nafi OA, Ramadan B. Sabin Vaccine in Poliomyelitis 
Eradication: Achievements and Risks. J Pure Appl 
Microbiol. 2019; 13 (1): 413-418. 
https://doi.org/10.22207/JPAM. 13.1.45 

[39] 39.Edwards MR, Panteliadis P, Lucas JD. Neuromuscular 
scoliosis as a sequelae of Guillain-Barré syndrome. J 
Pediatr Orthop B. 2010; 19 (1): 95-7. 
https://doi.org/10.1097/BPB.0b013e32832efca2 

[40] 40.Luciano R de P, Puertas EB, Martins DE, Faloppa F, 
Del Curto D, Rodrigues LMR, et al. Adolescent idiopathic 
scoliosis without limb weakness: a differential diagnosis of 
core myopathy? BMC Musculoskelet Disord. 2015; 16 
(179): 1-7. https://doi.org/10.1186/s12891-015-0629-8 

[41] 41.Vialle R, Thévenin-Lemoine C, Mary P. Neuromuscular 
scoliosis. Orthop Traumatol Surg Res. 2013; 99 (1): S124 — 
$139. https://doi.org/10.1016/j.otsr.2012.11.002 

[42] 42.Hansel DE, Hansel CRW, Shindle MK, Reinhardt EM, 
Madden L, Levey EB, et al. Oral baclofen in cerebral palsy: 
possible seizure potentiation? Pediatr Neurol. 2003; 29 (3): 
203-6. https://doi.org/10.1016/S0887-8994(03)00208-X 

[43] 43.Walker KR, Novotny SA, Krach LE. Does Intrathecal 
Baclofen Therapy Increase Prevalence and / or Progression 
of Neuromuscular Scoliosis? Spine Deform. Elsevier Inc .; 
2017; 5 (6): 424-29. 
https://doi.org/10.1016/j.jspd.2017.03.006 

[44] 44. Robert SB, Tsirikos AI. Factors influencing the 
evaluation and management of neuromuscular scoliosis: A 
review of the literature. Journal of Back and 
Musculoskeletal Rehabilitation IOS Press. 2016; 29 (4): 
613-23. https://doi.org/10.3233/BMR- 160675 

[45] 45.Sedra F, Shafafy R, Sadek AR, Aftab S, Montgomery A, 
Nadarajah R. Perioperative Optimization of Patients With 
Neuromuscular Disorders Undergoing Scoliosis Corrective 
Surgery: A Multidisciplinary Team Approach. Glob Spine 
J. 2020; 2020: 1-9. 
https://doi.org/10.1177/2192568220901692 


Page | 239 


Celmir de Oliveira Vilaça et al. International Journal of Advanced Engineering Research and Science, 8(5)-2021 


[46] 46.Cognetti D, Keeny HM, Samdani AF, Pahys JM, 
Hanson DS, Blanke K, et al. Neuromuscular scoliosis 
complication rates from 2004 to 2015: A report from the 
Scoliosis Research Society Morbidity and Mortality 
database. Neurosurg Focus. 2017; 43 (4): 1-7. 
https://doi.org/10.3171/2017.7.FOCUS 17384 

[47] 47.Shapiro F, Zurakowski D, Sethna NF. Tranexamic Acid 
Diminishes Intraoperative Blood Loss and Transfusion in 
Spinal Fusions for Duchenne Muscular Dystrophy 
Scoliosis. Spine. 2007; 32 (20): 2278-83. 
https://doi.org/10.1097/BRS.0b013e31814cf139 

[48] 48.Kasimian S, Skaggs DL, Sankar WN, Farlo J, Goodarzi 
M, Tolo VT. Aprotinin in pediatric neuromuscular scoliosis 
surgery. Eur Spine J. 2008; 17 (12): 1671-75. 
https://doi.org/10.1007/s00586-008-0790-y 

[49] 49.Pastorelli F, Di Silvestre M, Vommaro F, Maredi E, 
Morigi A, Bacchin MR, et al. Intraoperative monitoring of 
somatosensory (SSEPs) and transcranial electric motor- 
evoked potentials (tce-MEPs) during surgical correction of 
neuromuscular scoliosis in patients with central or 
peripheral nervous system diseases. Eur Spine J. 2015; 24: 
931-6. https://doi.org/10.1007/s00586-015-4282-6 


www.ijaers.com Page | 240 


